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m i he  l a s t  t en  years have witnassed ray is  s t r ides  i n  o w  knowlzdge of th? corrpla  
The recent contributions from tn:: phys icd  teci.mi- nature q.d constitution o f  coal. 

ques C.G. infra-red, nuclear mgce t i c  resonance, X-ray: ana van iirsvelen e t  a ' s  
s t a t i s b i c d  a9croaches hzve given a ner.r inpetus to the stuciy of coa l  science a s  a 
r z s u l t  of;.:iiich vmious mciels1,2 o f  t i-e stractu&i. 'un i t '  of coal iiave been sqges t -d  
lron time t o  time. tiowever, L&a proolan o f  cod, const i tut ion i s  d t i n a t z l y  a c h e ~ c d  
ono and i n  tile long run sanction of  chemicd zpp-oaches have to  Lx sougint for any 
swuct iue  pmposea for . c o d ,  i r respect ivs  o f  thc t e c h i q u e  enpioyed. in f o m d a t i n g  
t h e  .mdel. in the pas t ,  extensive s tudies  on the oxidation, reduction, hdogenation, 
p p o b - s i s  etc. o f  cod. had been carriexi out iKlt tns deta, Ynrou@ informt ive ,  f a i l ed  
to unravel i n t r i ca t e  chemicd s t ructure  o f  coa l  in the o:,thodox &mica1  sense, 
nor did they yielu any significilnt in fomat ion  on the s t ruc tura i  parrneters  ux c a d ,  
zn esse i i< iu  ,reres.id.site for hypthcs iz ing  a mciel sLructure. Ho:.:ever, as a r e su l t  
of recent studios 2.n attempt m y  no'rc possiuly be mde to make t sn ta t ive  p m ~ s  
based on . the  information on the s ta ta  of c u ' b n ,  hydrogen and oxygen i n  c o d $  3. 

Lkypen i n  ! '  UO al 
' ~nou& there  i s  s t i i i  aivergance or" opinion r e g d i n g  the ac tua i  v d u e s  of 

ilyclroxyl, ciiroonyl ami ccrookyl oxygen grouos in c o d ,  a f a i r  order of es t imak 
par t icu lar ly  for  hyuroxyl i s  now availabl&. 5G-60 pzr cent of th5 t o t a l  oxygen 
i n  coal, at  l e a s t  in lower ranks (C <8>S&) is found to be in th3 form o f  h p r o x y l  
goups ,  ani the rest appears t o  be present in sr~all amunts as car'mnyl, carboxyl 
a m  e ther  mu/or heterocjrciic &y$n groups. 
of t he  functional oxygen groups are 'kl ievsd to be present, but the major part o f  
oxygen reinahs unaccountea for ,  

s t a t e  of Carbn and H.@rogen i n  Coal.: 

- h i d a t i o n  e( Uehydmgenation Studies: . 

of cads incroased with increase of  the rank. 
a r o m t i c i t y  ob'iiousu a metimu oi' controueii oxidation was nseded which vnula seiec- 
ti-;ilu axiapde tile nobc.rcuGLic pa r t  o f  tne wd. structure; 
wag recer,tly dvancedk by the pressnt m i t o r s .  
of C O ~  i n  air a t  17002 was chief ly  r e s t r i c t ed  to the non-aromtic s t ructures  o f  c o d ,  
lezving the a-romatic ca-'-bon skeleton p rac t i ca l ly  in t ac t ,  
by fur ther  work5~17 led to a number o f  deductiocs regarding aromaticity, form of 
iifirogen, tk size of the  aromatic.nucleus, a n i  an assessment of the dimensions oi' 
tile d i p l a t i c  s i d e c h a i n s  i n  a coa l  unit. 
1 and 2. 

f? 

I n  higher rank coals (C ) a b )  fed 

The r.iork of  done , :;:heeler a d  the i r  collabora- 
torg5 in t h e  e x l y  tvienties anu of Sorton16 WG others  established that  m m t i c i t y  

au t ,  for  precise deterinination o l  

duch a aethoci of oxidation 
It '~13s shown t h a t  prolonged oxid&ion 

Such an approach , sup?orteu 

Tnese deductions are presented in 'Tables 

'Lhe recent. s tudies  on d e h y d r o g e n a t i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  of  coals have thrown some frssh 
ii&t on the problem. 
assusd t o  be o n l y  a l ipha t ic  in nature. 
technique' and with nalogens18, appzar to indicate t h a t  t h e  non-&omatic par t  may ke 
large)y constituted of  a l icyc l ic  car'wn. 
obtained by 3yn19 from x-ray studies. 

The non-aromatic carbon s t ruc ture  of c o d  has so far been 
Dchydrogsnation studies by Vesterkrg '  s 

Similar indicat ions have sicce been 

The presence o f  hydroaronatic o r  d i c y c l i c  s t ruc ture  \:as, however, f i r s t  
s u a e s t e a  by . ie i lerm on the score o f  the dehjdrohalogenation phenomenon (which 
he cal led l'spit%ing't).' 
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iuant i ta t ive  neasurment o f  a l icyc l ic  carbon ana hyarogzn from dehyirogenatior, 
. studies stmw t ha t  a considerable proportion o f  .carbon.in bitminous coal  i s  i n  
a l icyc l ic  form (lCL23) and also %ha2 the a l i cyc l i c i ty  progressively djxinishes ;dGn 
increase Fn t h e  rank of coal. 
nor M e s  it unbergo any dehprorogenation. 

=&tkacite.does not  contain any alicyclic c a r b n  

. .  
21 The ch ie l  objection to tnis technique ('Jesterberg's) for q u a a i t a t i v e  reasur- 

n e n t  of a l i cyc l i c i ty  o f  coals  has been that the rnetnod i . ~  not seiectiv.2i;r deh3uro- 
gsnate a l icyc l ic  carbon alone ana hat aromatic carbon may also 'c;e affected. t o  
seine degree. Further studies1? nave, hoyiever, 510-m that on ly  a Anor  par t  o f  
denydrogenation i::ay De due to  m e '  side-reactions (possibly cm ss-linking) with 
aromatic .positions a n d  there  a e s  m t  appear to be any doubt, t ha t  the nethoa i s  
f a i r l y  r e l i ab le  (as  far as coal  i s  concerned)., ;Gorrections have MVI besn made. 
€or such possible s t ray  side-reactions and the new se t  of values for alic:iclici-iy 
of coa l  derived, are  presented in  'Table 3 .  

It nay a o ~ e a r  s t r ame ,  but s t a t i s t i c a l  and emerimental fac ts  sesn toindicate 
tha't the sum of aro,matic and a l icyc i ic  carbon percents= i s  v i r tua l ly  cons-lant 
(0.87 k0.03) a s  w i i L  be seen from .?abie 4. 

If t h i s  -be t rue,  then ouviously the  value for  the percentag? of z l ipnat ic  
carbon can i;e aeauced f rom eeerime7tal2.y deternineii vaiues ul arom't ic i ty  d 
a l icyc l io i ty ,  a m  natural ly  the  value r'ur nlip;:aLic 2:swn 2=rcdnL.;Jje a coais 
w i i l  d s o  be nearly constant. This value i s  between 1C-1% : it w i ,  nowever, 
be somewnat on the higher side, as it i s  l i k e l y  tna t  the values f o r . a l i c F l i c i t y  
$resented here is l i k e l y  to err on the 
constant nature oi tile aliphatic carbon in coal ( i f  this be the case) woould 
appear to 'E a remiirkable f ac t ,  for  whicn no explanation can be offered a t  this 
stage. 

shouid be small anu wen as s11idiL as in :ethyl ,group, ,and cer ta in ly  ,not longzr 
than  in etn 1 group. The estircation of ,Gnetkjl contant oy ~LUUI ana iiotkis' 

group i n  coal. 
a roa . t i ca l l j  l in lcd  mstnyl group may not be estimated quuultitatively oy t h i s  
technique25. 
of L:nzhhyl content Le. ,  & % . o f  the carbon. 
mental values and tiosi:  theore t ica l ly  aeiiucea as i'ar gs the order .is concerrm 
rnay o r  ziay not be significant. 
t ion  o f  a l ipha t i c i ty  in coals  should pmve ho fi of  great value. 

side. ije t ha t  ss it may, t he  

Zt was s u ~ g e s t a c i ~  earlier knat the al iphat ic  side-chains present in coal  

yislaed a vduz  of 2 t o  4;; oi' the c a r b n  present as  LEthyl 
'it i s  possible Lh& t h i s  value is also on the lower side, a s  tha 

kihaustivz Chlorinatior?6 on the other hand gzve a hikiier es t inate  
'The agreeinent '=tween The experi- 

Further ref inmen% the techniques of determina- 

i he  Alicyclic Structure i n  (Coals 

'The formt ion  of tar i s  c o q l e t e l y ' i n h i b i t e d  when a dehydi-ogenateci coa l  is 
carbonized. i'here is ,  also, a proFr t iona te  increase in the yield oi' cqm. 
The addi t ional  cabon 'fixed' i n  the  char i s  a?xa-ently proportional and m s t  
ecual in vdlue to th? a l icyc l ic  c a r b n  estimated d i r e ~ t l y l O , ~ , ~ 3 .  
it nay m t  'oj i l l o p c a l  t o  conclude tha t  tar has its or ig in  i n  the a l icyc l ic  
s t ructurcs  05 coai 2: The c o q l e t e  inhibi t ion .of- car formation by any m t h d  o f  
dehydrogenation (even by airjoxygenj27 i s  also significant. 

' 

Therefore, 

van ?kevsi,en an~~Fi tzgera ld . recent ly  concluded2'.'that " t k t  Fri  o f  coa i  
,structure tvinich yields  tk must be l i e a m  l inkad 3r not a t  a d  bnaed ta the 
remaincier'l. A, study on the  extent of the inh ib i t ion  of t a r  forrat ion viith 
varying .E+ees o f  aehyirogenation (sig.1) a i s 0  leacis t o  a similar conclusionl3. 
The cowlete..inhibition o f  t a r  for;lation, iiowevel., rioes not appear t o  crpond on 
Lhe mmleteness  o f  tne  denjurogejznation ut a .ainimun quantity of  t h e  dshjdro-' 
gena t ing  aj;;nt f3ulphur) i s  ap.;arently needed !or the iiizcjm~un i r a io i t i on  (7ig.l). 

ears  probable LiZt s b i u l L  v u  -?aously wi th  dehyirogxation,. 3 conainsation 
on ( y s s i b u  by cycb-ddiydrogenation) 'etvieen ~ 1 2  al icycl ic  part and the 

r z ~ :  o f  ?ne c9a.L s t r u c h - e  i s  nossi0I.y irAtiztitpd. 'The action o f  sulphuric and 
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pnosphoric . . = ~ i d s ~ ~ ,  phosphoryl oxychloride 33 , , even Schol l ls  reagent?' also appear 
to nave similar e f f e c t s  on inhibi t ion of t a r  formation and pmbahly through a 
s h i l a r  mechanism o f  condensation reaction, leading t o  . f ixat ion of  the al icycl ic  
carbon in the char. 

mther s i g i f i c a n t  f a c t  is  t h a t  on dehydrogenation o r  even in condensation 
r-actions mentioned a b v e ,  nearly 92;; of the t o t a l  carcan in coa l  i s  found to be 
retained i n  t h e  char (6oOod) on czroonization, i r resoect ive oi ths rank of coal 
so t reated from l i g n i t e  upto the h i& renk bituminous coals. XormaUy, i n  carbo- 
nization o w  7 ~ ~ 8 6  of tile carbon is  i:iued i n  tna coks or  cna- a t  600Oc. 
thz 'extra '  csrbon retained in char i s ' o f  the, order of lG2B o f  the t o t a l  carbon 
in c o d ,  which corresponis t o  the values of d i c y c l i c i t y  o f  c o d s  uetemineci Lirezt iy  
bq. chr;;.&rpgsndLian reactions. LLe proportion of taxon normLily fixeu coke 
CILX on cawnizci t ion at &O3G comeseoncis i;O ths a-omtic:  czrsson i n  cos.@* 
The adcii t iond ca-bon i'i;ced on t r s a t m n t s  xnt ioned  a b v i  and t h e  consr;angy 09 tiis 
value a t  a b u t  92 $,again, anFears t o  correspond to t h e  suol of aromatic md aiicy- 
c i i c  ca-bon, i r resaect ivo of the rmk o f  coal. 

'rhus, 

This  would indicate  t h a t  in course of c o d i f i c a t i o n  enrichment o f  aromatic 
carborr- ta!css placc at the expense of d i c y c l i c  carbon (and ~ s s i b l y  asrivzd from 
i t ) ,  t he  s m  t a t d  02  ti?^ two being constant. 

Ltages i n  ' Jodi f ica t ion  : 

.Yhe progessive increase in aromaticity in coal  (& the expense or '  al icycl ic  
clirconj during coEllification nust be a very slow process ami a graciud one. 
xi?, tnercfo:,e, znvisage ;i 'parent '  c o d  unit  a t  any ~ r t i c u i a r  stage of evolution 
wi;ici1 $ r i l l  v a y  
evolution of c o d  y i t h  increasing rank nay be h n o t h e t i c a l i y  i l l u s t r a t e d  i n  te rms  
of the s t ructurd.  maels s h o m  in r'ig. 2. 

On2 

i 'n is  corcepc or' the aroimticity,  d i c j - c u c i b y  anir r ing sizs. 
r 
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' lhe m u e l  I, 2 = 62 5 ,  ~ i a y  te s b i t z i l g  assumed to k the  ' p r e n t '  s t ruc tura l  
unit O X  coal,  e:ds;ing i r . t i i e  f igxi t ic  scage ( taere  nay bz other  s t ruc tura l  uni ts ,  
but the model I !nay be conceived t o  ix as t h e  preaorninant species a t  t h i s  lsvol) .  
Uecxcoxyllation 4 p a r t i a l  dehydrowlation (vhich are beiieved to be ths major 
reactions in tne evolution of coal in t h e  I.OVJES ranlcs) of m a e l  I can ,lead. to -he 
stags of m a e l  II, i; = 79 ;4. The model UL, C = 91 
transitional. stage marked by -&e completion of the uecarboxylation, dehyJroxylation 
ana denyirogenation of the a l icyc l ic  r i n g  ana its fusion w i t h  t h e  aromatic nucleus. 
rzrtial amethylation may ais, occur 'between the s t a e  I1 ahd IIW. 

is  envbagcd t o  "be t k  

ihe t ransisory nature of these s t ructurcs  i s  to D e  emphasised a t  any par t icu lar  
stage of the rark evolution of coal. 
o r  near amut  
is  reachsd. 
& 2 j  ,d carcan c o d .  
cyclodehydrocenation ( m d e l  1.L Zr ITU) raay const i tute  the aajor  s teps  i n  the  
bituminous coal range. 

J e c w b x y l a t i o n  may be l a rge ly  completd at 
oarbon coal  but the r o c e s s  r n ~  continue VJeU a l t e r  t n i s  &a& 

small aimunts of carboxylic oxygen can s t i l l  b= detectsd even i n  
~ m y d r o g a s c i ~ n  of sne a2j 'cU.c r u g  dxi ring-closure dj .  

:ne properties of the three  h y p t h e t i c a  s t ructures  desigwd t o  portray the  
t:h.ree M o r t a n c  t rans i t ion  s teps  in ram-evoiution xriy oe depictsd as i n  i'aole 5. 

'the andlysis o f  s t ruc twe I L I A  (L'able 5 )  broadly reprcsencs a q p i c d l  high 
r w  'oituninous coal  (J = 91 ;,) naving 912 aromatic caroon. i 'nis 'un i t '  given i n  
the mael i s  prosued  t o  be t h e  most predominant one present at 91;. c a m n  ievel.  

any in te rmdia te  stage of coal i f icat ion between iignibe  AI t h i s  hi& rank 
bituminous c o d ,  a cer ta in  f ract ion o f  the 'unie' of r.mdel I may under@ metamr- 
prlosis into the 'uni t '  of m d e l  II. i h i c h  in i t s  turn ,  unaer the prevailing 
geo-&cmical condition may underg furtfim progressive transformation into t h e  
m d e l  ~ I A .  
deca 'cawlat ion,  dehgdroxylation, dehydrogenation and p rtial demethylation of  the 
fpment,' unit (rmdel I). the incipient  i n i t i a t i o n  of stage LI to iiL reaction in 

The f i n d  &a@ ( m d e l  IIU) is, thus,  a r e s u l t  of the sum totdl o f  
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t h e  e a r l i e r  stages is &so not precluaed. xs a r e s f i t ,  any t ransi tory stage in 
rankevolution may contain a mixture o f  one o r  two o r  a l l  of  the above types of  
units, thou& one o r  the other  m d e l  species may predodnate , depending upon L&e 
leve l  of geochemica metamrptlosism atLained in the natural  s ta te ,  

1\10 c o a l  can, therefore, bc hoimgeneous ib respect o f  t h e i r  hit structures. 
A s  an e x a q l e ,  a ' p r b g r t i o n  of  10:70:20 of ' the ' three structures may represent the 
typ ica l  analysis, 'mth ch&ical and structurdL, of a 8@ carbon c o a l  (Table 5) .  
Such a plausible s t ructural  analysis of .  a 80;; carbon mdt wouia inciicate that  it 

 has undergone s u b s t a t i d  d e c a r w l a t i o n .  It ri;ould also indicate  tha t  dehydro- 
x y h t i o n ,  dehydrogenation, (including -cyclo-deh@rogenation) ana demthylation 
processes.had beell i n i t i a t c d  in vzrrying degrees. 
consistsnt witi the  known properties of  coal  o f  such a rank. 
of mdel Ii t o  IlIh (say t o  t h e  d e n t  o f  22;': as su&estea in %he proportion o f  tile, 
units) w i l l  l e d  to an increase in aromaticity ard a l s o  to the gmrith o f  t i 4  .aromatic 
nucleus a t  t h e  apense of  a l icyc i ic  cexsbon. . . .  

All the t r a n s f o m t i o n s  ire 
x ?&ti& conversion 

"he poss ib i l i ty  of 'a nu;dcer of mdel spacies (un iks )  occurring together at any 
stage of coalification (though one or the other may be the  donixant one) q,r  as0 
explain some o f  the following observations: (1) the assortaent of r ing s izes  i n  
any c o d ,  ( 2 )  tile c o n ~ t m t '  trenci of t h e  sum of aro-saticity and a l i c y c l i c i t y  in  any 
rank of  coal . ( l igni tes  and biturninom coal) ,  (3) thc- constancy of carton per cent  
retained in the char of dehydmgenated,coal sam9les of any rank, as well as 
several  other apparently perplexing fac ts  observed i? course of our studies on 
dehydrogenation and cyclo-condensations. 

bhereas the t r v l s i t i o n  of stage I to stage IIIk depicts the evolution of I l o r A m l .  

coa ls  upto the  highest rank i n  t h e  bituminous range occurring under a s e t  of  g ~ o -  
chemical conditions, the t rans i t ion  of 'stage I I I ' t o  stage If (anthracite stagej 
must, Qy all accounts, be an dorapt Ur;i drast ic  one, involvhg a congletely new s e t  
of geochemical conditions. 
as shown in  ?ig. 3. 

The evolution of a typ ica l  m t m a c i t e  may.& conceived 

The s t ruc tura l  mdels given nere are- not intended b ac tua l ly  represent &y 
coal  out  has merely Deen used to i l lus t rGte  the comept of theiheterogeneit?,of 
the coal  s t ructure  at any par t icular  stage, and t o  em?hasise the preaoininant 
chemical transiautation t h a t  raay take pl2ce i n  response to geochemical forces i n  
nature a t  any given love1 of  mtanorphic h is tory  of  coal. 

Studies in rank c lass i f ica t ion  of c o d  nave ' led to  tne f o w t i o n  oi the 
i7eLlcnow0 coa l  band, which by i t s e l f ,  emphasises the t rans i tory  naturs of the 
metamorphic changes in caal. 
zones of chemical reactions in.course of rank-evolution i s  yet  to be establisiied, 
though tk predo-ance oi one . je t  of  r e a c t b n s  over another a t  any stage can 
not be disputed.. 

iiihether these a re  d i s t i n c t  a d  d iscre te ly  separata 

Admittedly, tha m a e i s ,  the reactions,  and t h e  concept 01 co-existence of 
several  m d e l s  m y  explain m a y  experin=nt&y deteenained properties of coal, -but 
we so not su'anit tnan here as pure "wdcls" o f  any 'uni t '  coal; t h a t  s tag nay 
yet  be f a r  off.  'The num:er o f  rings assumed or other  s t ruc tura l  feature shorn .in 
the  &aels-(e.g. t h e  t i i q o s i t i o n  of unaccounted oxygen) may he different.and still  
f i t  into the  gznera l  picture  of evolution of rank, but what is erqhasissd i s  that 
r a r e l y  any reaction in nature i s  ever conipiete,, thou& the ideal is always 
to~:mrd s per fe  c t  ion. 
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